Electrophoretic polymorphism of amylases was studied in 45 geographic populations of the two cosmopolitan sibling species, D. melanogaster and D. simulans, and in one to three populations or strains of six other species in the D. melanogaster subgroup. Two species, D. erecta and D. orena, for which only a few strains were available were monomorphic. In the other species 2 or 3 amylase variants were identified while in D. melanogaster, 12 electrophoretic variants were characterized. Altogether 17 different amylase isozymes have been observed. The contrast in the level of polymorphism between D. melanogaster and the other species cannot be explained simply by the occurrence of a duplication in the former species. Genetic analysis demonstrated the existence of a duplication in at least 4 other species, namely D. simulans, D. mauritiana, D. yakuba, and D. teissieri. It is therefore suggested that the duplication occurred in a common ancestor and the phylogenetic implications of these observations are discussed.
INTRODUCTION
Amylase was one of the first Drosophila enzymes to be studied genetically (Abe, 1958; Kikkawa, 1960) . With the introduction of electrophoretic methods, a series of variants were found, apparently corresponding to the expression of different alleles (Kikkawa, 1964; Doane, 1965) . Some homozygous flies were found to produce two different proteins, suggesting a duplication of the structural locus. This was demonstrated by Bahn (1967) who observed very rare recombinants between electrophoretic alleles showing a very close linkage between the duplicated loci, (genetic distance less than 0.01 centimorgan). Definitive proof of the duplication was provided by molecular experiments (Levy et a!., 1985) .
In early studies, different drosophilid species were investigated for evidence of an amylase (Amy) structural gene duplication (summary in Doane, 1969) but no single individual exhibited three different amylases isozymes and inbreeding, when possible, never led to the production of homozygous flies with two different isozymes. It was thus concluded that the D. melanogaster case was unique, suggesting the duplication to be a recent, or derived, genetical trait. However, in Doane's survey, only one species closely related to D. melanogaster, i.e., two strains of D. simulans, was considered.
In D. melanogaster, geographic populations are known to exhibit very different levels of polymorphism and allele frequencies at the Amy locus (Hickey, 1979; Singh el a!., 1982) . We have extended these geographical analyses to more numerous populations of that species and also to the seven other species included in the D. melanogaster taxonomic subgroup (see Lemeunier et a!, 1986 , for a review fig. 2 . In D. melanogaster, six different mobility classes (1, 2, 3, 4, 5, 6) may be considered as the classical ones, having been observed by various investigators (Doane, 1969; Hickey, 1979; Singh ci al., 1982; Yamazaki et a!., 1984) and, of these, Amy' is generally the most frequent. In the literature, the rare Amy7 allele was found by Singh ci al,, (1982) in an African population (Cotonou) and some other rare alleles, close to Amy' but presumably different from those shown in Figure 1 , were described from America by Langley CI al. (1974) and from Japan by Yamazaki et aL (1984) (1-2-3)
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• (1) null DISCUSSION AND CONCLUSION
We have presented evidence that the duplication at the Amy locus, which is well documented in D.
melanogaster, also exists in four other related species. The lack of genetic evidence does not demonstrate the absence of the duplication in D. sechellia and also in the two presently monomorphic species, D. erecta and D. orena.
Dealing with a gene duplication raises two questions: (a) is the duplication general on all chromosomes, even those which exhibit a single allele? (b) what is the location of the duplicated loci? In D. melanogaster, we have fairly good evidence to assume that the duplication is a general event also occurring in the homohaplotypes (Bahn, 1967; Hickey, 1979; Yamazaki etaL, 1984; DaInou, 1985; Levy et al., 1985) . Recently, molecular studies provided evidence for the existence of the Amy duplication in D. melanogaster whether of not electrophoretic variation for amylase is expressed (Gemmill et a!., 1986) . In the same species, genetic studies indicated tha the two genes are very closely linked (0.008 cM, Bahn, 1967) and located on the right arm on the second chromosome (Doane, 1967 (Doane, , 1969a . Considering that the D. simulans and D. mauritiana chromosome 2R does not differ from that of D. melanogaster (the species only differ by a single fixed inversion on chromosome 3R: see Lemeunier et aL (1986) for a review), it seems reasonable to assume that in the three species, the Amy genes are carried by the same chromosome and have the same location.
We may also suggest that in D. simulans and D. mauritiana the two genes are similarly closely linked, although a verification of this hypothesis by molecular analysis would be needed. In D.
yakuba and D. teissieri, it is far more difficult to suggest any hypothesis about the localization of the Amy genes since these species differ from D. melanogaster by numerous fixed inversions. The generality of the duplication in all individuals within a species is still a more difficult problem. a much lower polymorphism in all other related species. We may argue that our sampling in D. melanogaster was much greater than in the other species (see table 1). However, if we consider the 11 Afrotropical populations of D. melanogaster, we usually find 6 to 9 different amylase variants in a sample of less than 100 flies (DaInou, 1985) while a similar sample size of any other species will show only 2 or 3 isoamylases. lJp to now, a likely interpretation of this contrast was the duplication itself, supposed to exist only in D.
melanogaster: if two loci are independently submitted to spontaneous mutagenesis, a doubling of the number of segregating alleles is expected.
Results, presented here, show that such an explanation does not hold since the duplication also exists in less polymorphic species.
A possible interpretation is given by historical arguments. The Afrotropical region, especially West Africa, represents the ancestral home range of D. melanogaster where, although basically domestic, it displays the 'less domestic' ecological features known for the species all over the world. Accordingly, these populations could be expected to have undergone a long evolution that consequently generated a higher polymorphism. With respect to its geographic populations, D. melanogaster is markedly more differentiated than D. simulans for chromosomal, quantitative, physiological, allozymic and DNA variation (Hyytia et a!., 1985; Baba-Aissa and Solignac, 1984) . At present the most likely hypothesis to explain the lower genetic variation within and between populations in D. simulans is to consider its reduced variability as a result of a more recent worldwide expansion. An alternative or additional interpretation to the higher variability of D. melanogaster would be to consider that even closely related species, may use different 'genomic strategies'. A chemical analysis of cuticular hydrocarbons in the 8 species of the D. melanogaster subgroup (Jallon and David, 1987) melanogaster 'evolved more rapidly' than its sibling species. Of course, this hypothesis would need further investigations.
Even if, during their evolutionary history, the related species used different genomic strategies and possibly different rates of evolution, it is interesting to consider their phylogeny. A classical interpretation (Lemeunier et aL, 1986 ) mainly based on chromosomal, morphological and hybridization studies, divides the subgroup into two complexes (melanogaster and yakuba) each of four species, as shown in fig. 3A . The amylase data suggest, however, another classification, shown in fig. 3B . The first cladogenesis would separate the two species D. erecta and D. orena (both have very slow migrating amylase variants) from the six others. These six species are clustered together mainly because they partly share the same isoamylases (Amy34 and Amy44) ( fig. 1 ) and also data in placing D. erecta, D. orena Amylase locus).
because they share the Amy locus duplication.
Interestingly a similar cladogram is given by enzymes (Eisses et a!., 1979) , 2D electrophoresis (Ohnishi eta!., 1983) and mitochondrial DNA data (Solignac eta!., 1986) ; it is thus likely to correspond to the true phylogeny.
A question of evolutionary significance concerns the origin of the duplication. The distribution of the Amy duplication among related species suggestive of a single duplication event may be indicative of how old it is. The Amy locus is duplicated in five out of eight species of the melanogaster subgroup; it is thus reasonable to consider that the duplication is ancestral rather than the result of independent genetic events. Within the melanogaster complex the only exception is D. gests such a possibility. Also, a male specific enzyme under independent genetic control and suggestive of a duplication has been identified in D. hydei (Doane et a!., 1975) . Further studies in other species of Drosophila are thus needed.
Finally we might note that the occurrence of multiple amylase loci is also found in various mammals such as house mouse (Sick et a!., 1964) , bank vole (Nielsen, 1968), rabbit (Malacinski and Rutter, 1969) and Man (Karn ci a!., 1975) . 
